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METHOD FOR TREATMENT OF INVASIVE CELLS 



FIELD OF THE INVENTION 

This invention relates to &e therapeutic nse of molecules associated 
with protease activated receptors. 

BACKGROUND OF THE INVENTION 

5 References referred to by bracketed numbers in the body of the 

specification are Usted at the end of the specification before tiie claims. 

The process by which epitheUal ceUs become invasive is complex 
and has yet to be fully elucidated. One example of this process is observed 
in metastatic tumors. Another example of epithelial cells becoming invasive 

10 occurs during normal hmnan embryonic development, in which tiie 
cytotrophoblasts (i.e. the fetal cells on the firont line of the placenta) mvade 
the uterus, as part of their normal differentiation program and successfiil 
implantation, 

Tht Physiologic invasiveness of cytotroph oblasts closely resembles 
15 that of mahgnant cells, sharing many common features. Tumor invasion 
and metastasis involve, among other alterations, proteolytic modification of 
bksement membranes and extraceUular matrices (ECMs). Cancer cells have 
to detach from their primary location, encounter basement membranes (i.e. 
during extravasation of blood or lymphatic vessels), and disseminate 
20 through the circulation to estabUsh new cellular colonies at distant sites. 



Therefore, the process of cell invasion involves a well-orchestrated 
sequence of events including integrin activation, cell migration and 
proteolytic degradation of specific barrier components. This enzymatic 
cleavage is highly regulated, since extensive proteolysis could impede the . 
5 invasive process by degrading essential matrix components required for the 
transmission of survival and cell shape signals, through contacts with the 
basement membrane. Localized proteolysis directed to discrete regions of 
the cell surface may facilitate cellular invasion. 

The thrombin-receptor (ThR) is a seven transmembrane domain 
10 G-coupled protein, belonging to the protease-activated receptor (PAR) 
family [1]. Recently, two other members of this family (PAR-2 and PAR-3) 
have been identified [2-4], and a fourth member (PAR-4) has also been 
described [19]. Unlike most cellular growth factor receptors, the activation 
of these receptors does not require formation of the traditional 
15 hgand-receptor complex. Instead, the receptor serves as a substrate for 
proteolytic digestion, yielding an irreversible form of activated cell surface 
protein to convey fiirfher cell signaling. 

Apphcant's co-pending Israel Patent Application No. 1 14890, whose 
contents are incorporated herein by reference, discloses that a dkect 
20 correlation exists between ThR level of expression in tumor cells and their 
degree of invasiveness. This finding was used to develop a diagnostic 
method for evaluating the metastatic tendency of tumor cells by following 

the e3q)ression of the ThR gene. — 

U.S. 5,352,664 to Carney, et al, describes ihrombin-derived 
25 polypeptides which are capable of selectively stimulating or inhibiting 
ttirombia receptor occupancy signals. Carney suggests that the inhibitory 
polypeptides may be used in preventing metastasis and angiogenesis. No 
supporting data is disclosed. 



SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a method for treating 

metastatic tumors. 

It is a further object of the present invention to provide a method for 

5 treating irregularities in physiological placental development 

-nie present invention is based on the surprising finding that interfering 
vdth the expression of PAR proteins of an invadve cell affects its degree of 
invasiveness. The interference may be reahzed at the DNA (gene) level, at 
the mRNA level, and/or at the protem (receptor) level. Mterference at the 
10 DNA level may be achieved by use of gene therapy mefliods; interference at 
tiie mRNA level may be achieved by nse of antisense molecnles; and 
interference at the protein level may be achieved by use of specific antibodies. 

The PAR protein may be any member of the PAR family such as, for 
example but not hmited to, ThR, PAR-2, PAR-3 and PAR-4. 
15 In a first aspect of the invention, the invasive cells are pathological 

cells such as metastatic tmnor cells. Thus, in this aspect of the invention, 
there is provided a method for treating metastatic tumor cells of a subject 
comprising administrating to said subject an antisense molecule, said 
antisense molecule comprising a nucleotide sequence >vhich is 
20 complementarytoanRNAsequenceofaPARprotem. 

Also provided are antisense molecules and pharmaceutical 

compositions comprising them. 

r uilfacr prmirlH - - -^^-'^ ^^^^^ mms t Rtir tm n or cells Qf a 



subject comprismg administrating to said subject an antibody molecule, said 
25 antibody molecule bemg capable of binding to a protease activated receptor 
(PAR) protein. ITie antibody molecule may be a polyclonal or monoclonal 
antibody, prepared by methods knownper se. 

' 'In this aspect of the invaition, the tmnor cells will generally be of 
epitiiehal origin, which form soUd carcinoma-type tumors. Examples of such 
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epiiheHal tissues are breast, esophagus, kidney, prostate, ovary, melanoma and 
bladder tissue. 

In a second aspect of the invention, the invasive cells are normal 
cells such as placental cells. As described above, ThR plays a role during 
5 cytotrophoblast invasion and implantation. The finding that ThR express^ 
is associated with the invasiveness of placental tissue may be beneficial for 
improved implantation of human embryo in the maternal uterus decidua. To 
date, Ihe rate of spontaneous abortions is 8-12%, 50% of which are due to 
defects in proper implantation. It is even more striking in the I.V.F. 
10 procedure, where 40% of the overaU cases result in failure. 90% of these 
failures are apparently due to implantation defects. Transfection of normal 
placenta with ThR and other PAR family genes may considerably improve 
implantation. 

Thus, in this aspect of the invention, there is provided a method for the 
15 treatment of disorders involving the implantation of a placenta in a female 
subject comprising administrating to said subject an antisense molecule, said 
antisense molecule comprising a nucleotide sequence which is 
complementary to an RNA sequence of a PAR protein. 

Also provided are antisense molecules and pharmaceutical 
20 compositions comprising them. 

nie synthesis of antisense molecules to known mRNA sequences is 
well known to the skiUed artisan. In theory, based on Watson-Crick base 
j..^r fo».«tion. if .p pronriate ta rpet c an be identified, an antisense 
oHgomer of more than 15 to 17 nucleotides in length would be expected to 
25 have a unique sequence relative to the entire human genome. A suitable 
oligomer should be able to interfere, in a sequence specific mamier with the 
process of mRNA translation into protein 191. The requirements for an 
antisense oUgomer for therapeutic use are: (1) that it must be stable in vivo; 
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(2) it must be able to enter the target ceU; and (3) it must be able to interact 

with its cellular targets. 

As oUgomers possess Uttle or no innate ability to diffuse across ceU 
membranes, the ceUs must take them up through energy-dependent 
5 mechanisms. To resolve the problem of uptake, a large number of strategies 
have been employed in order to augment Ihe rate of cellular internalization 
of nucleic acids and to increase the rate at which they pass through the 
endosomal membrane. These strategies include: (i) coupling oUgomers to 
polycations such as polylysine [10], polyelhylamine [11] or others; (ii) use 
10 of transferin/polylysine-conjugated DNA in the presence of the capsid of a 
repHcation-deficient adenovirus [12]; (iii) conjugation of oUgonucleotides 
to fusogenic peptides [13] or to a peptide fragment of the homeodomain of 
the Drosophila antennapedia protein [14]; (iv) targeting of oligonucleotides 
to specific cell surface receptors, such as folate, asialoglycoprotein receptor 
15 and transferrin [15], (v) conjugation to cholesterol [16]; and, most 
successfully (vi) complexation of oUgonucleotides vydth cationic Upids [17] 

and GS 288 etofectin [18]. 

Preferred antisense sequences are those designed to comprise 
sequences which hybridize to uniquely conserved regions in the PAR 
20 family of proteins. Conserved regions may be identified by comparing the 
nucleotide sequences of different members of the PAR family. For 
example, certain regions within the ThR sequence have 27% sequence 
similaritv to PAR-3 and 2 8% similarity to PAR-2. Examples of cons erved 

unique regions are: 
25 1) The protease activated domains and hirudin binding domain: 

\ Nucleotides 

hPAR-l(ThR) 37-61 TLDPRSFIJ^NDKYj^FWEDEEK 

hPAR.2 ^o-^A SSKG RSLIGKVD GTSHVTGKGVTVE 

hPAR-3 34-57 TLPDCTTRGAPPN SFECTPFSALE 



hPAR-4 28-52 LPAPRGYPGQVCANDSDTHELPDSS 

2) Second extraceUular loop: located between transmembrane domains 
4 & 5 and corresponding to residues: ITTCHDV which are conserved in 
PAR 1-3, while in PAR-4 only the three amino acids CHD are conserved. 
5 3) Tte entire promoter region of the PAR family (i.e. 5' cloned regions 

downstream to the ATG of PAR-1 and PAR-3). This region is likely to 

contain important regulatory sequences. 

DETAILED DESCRIPTION OF THE DRAWINGS: 

In order to understand the invention and to see how it may be carried 
10 out in practice, a preferred embodiment wiU now be described, by way of 
non-limiting example only, wilh reference to Ihe accompanying drawmgs, m 
which: 

Fig. 1 shows the DNA and amino acid sequence of human ThR [l]; 
Fig. 2 shows the DNA sequence of an antisense cDN A of ThR; 
15 Fig. 3 shows the location of Ihe ThR antisense in the pcDNA m 

vector, 

Fig. 4 illustrates ThR expression in human breast carcinoma ceU 
lines. Total RNA isolated from human breast carcinoma ceU-lines was 
analyzed by Norihem blotting. Hie cell lines used were: MDA-435 (A), 
20 MDA-231 (B) and MCF-7 (C), as well as Ha-ras-transfected breast 
carcinoma cell lines, MCF10AT3B (D), MCFIOAT (E) and MCFIOA (F). 

i Ue blub piu b c d ^i O i ^> labeled 2 50 b ase^ DN.\ eo rr^T^ondine 

to ThR (upper part), or with 32p.labeled Mctin DNA Gower part). 

Fig. 5 illustrates immunocytochemical analysis of cell-associated 
25 lW Human breast carcinoma cell lines (MCF-7, MDA.23 1, and 
MDA-435) were cultured in 8-weU chaniber slides and analyzed for the 
presence of ThR. Specific staining of tiie receptor was obtained foUowing 
incubation with affinity purified polyclonal anti IbR antiserum followed by 



biotin conjugated goat-anti-rabbit IgG antibodies and detected by extravidin 
incubation. Photographs of representative areas of MCF-7 (a), MDA-23 1 
(b) and MDA-435 (c) cell monolayers are shown (x400). 
Lower PaneL Western blot analysis of ThR. Western blot analysis of cell 
lysates (50)agAane) of MCF-7 (A), MDA-23 1(B) and MDA-435 (C) cells. 
Specific protein band was detected following incubation with anti ThR 
antibodies and visualized by the ECL inununoblotting detection system 
according to the manufacturer's instructions. 

Fig. 6 illustrates in situ hybridization of ThR mRNA in normal and 
cancerous breast tissue specimens. Hybridization with ThR riboprobes was 
performed on: Normal breast duct lobular imits (A&D). Invasive duct 
carcinoma, (IDC) (antisense orientation, C; sense orientation, B). High 
grade DCIS of comedo type (antisense orientation, E; sense orientation, F). 
Low grade DCIS, solid type (G) and atypical intraductal hyperplasia 
(AIDH, H Detection of specifically hybridized mRNA to DIG-labeled 
probe was performed using anti-DIG-aUcaline phosphatase conjugated 
antibodies (Boehringer Mannheina, Mannheim, ' Germany). These analyses 
represent at least 3 patients of each category. 

Fig. 7 illustrates Matrigel invasion of breast carcinoma cell lines. 
The indicated cells (ZR-75, A; MCF-?, B; MDA-435, C; MDA-23 1, D; 
fibrocystic MCF10AT3B, E; fibrocystic MCFIOA, F) were applied (2x10^ 
cells/assay) to the upper compartinent of Boyden chambers. Cell invasion 
througti Matngel coated filters was determined, as outlined in Materials and 
Methods, below. 

Fig. 8 illustrates inhibition of MDA-435 Matrigel invasion by ThR 
antisense. MDA-435 cells were transiently transfected with pCDNAin 
expression plasmid containing the antisense ThR of Fig. 2. The level of 
invasion was compared to untreated MDA-435 (A) and MCF-7 (B) cells. 
Control transfections of MDA-435 cells were performed in the presence of 
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vector alone - (C) or DOTAP liposomes alone (Gibco -BRL) (D). Nearly 
confluent (60%) cells were treated with various concentrations of the 
plasmid: transfection with antisense ThR - 5 ^ig/plate (E), transfection with 
antisense ThR - 20 ng/plate (F). The invasion assay was performed as 
5 described under Materials and Methods, 72 h following transfection. 

Lower paneL Western blot analysis of ThR antisense ti^fectants. 
MDA-435 cell lysates (50|xg/lane) of ThR antisense transfectants (A) were 
appUed on SDS-PAGE and the level of receptor protein was compared to 
cells transfected with vector alone (B) or untieated cells (C). 
10 Fig. 9 shows the DNA sequence of PAR-2; 

Fig. 10 shows the DNA sequence of PAR-3 ; 
Fig. 11 shows the DNA sequence of PAR-4; and 
Fig. 12 illustrates expression of ThR in first tiimester human 
placenta. In situ hybridization analysis of ThR expression at 6-15 weeks of 
15 gestation. Placental tissue was obtained from elective termination of 
pregnancies by dilatation and curettage. Sections of 6 week placental tissue 
(A) and of 7, 8, 9 and 10 weeks of gestation (B-E. respectively), as 
visualized by ThR staining of cytoti-ophoblasts. No staining was observed at 
weeks 11 and 15 (F <«: G, respectively). Contiol hybridization (weeks 7 and 
20 8) usmg sense orientation showed background stainmg (H <fi: /, 
respectively). 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

Materials and Methods 

25 dells: The human breast carcinoma cell lines, MCF-7 (adenocarcinoma), 
MpA-MB-23 1 (adenocarcinoma), MDA-MB-435 (ductal^ carcinoma) and 
ZR-75-1 (carcinoma), were kindly provided by Dr. Robert Stem 
(Departinent of Pathology. University of California, San Francisco). The 
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invasive properties of these breast cell lines were determined following 
injection of tide cells into the mammary pads of nude mice witii or without 
Matrigel [5]. Cells were cultured in DMEM (Ig glucose/liter) containing 
10% bovine calf serum. MCFIOA (nearly-normal immortalized epithelial 
5 cells), MCFIOAT cells (derived from human fibrocystic epithelium 
transfected with Ha-ras) and MCF10AT3B cells (derived from a 94-day 
third transplant generation of lesion in Beige /Nude mice, classified as 
grade 2), were kindly provided by Dr. F. R. Miller (Karamanos Cancer 
Institiite, Meyer L. Prentiss Center, Detroit) and grown in RPMI-1640 
10 containing 10% fet^ calf serum (FCS). Tissue culture medium was 
supplemented with penicillin (50 U/ml) and streptomycin (50 ng/ml) 
(GIBCO-BRL, Gaithersburg, MD) and the cells were maintained at SV^C in 
a 10% C02 humidified incubator. Cells were dissociated with 0.05% 
trypsin/0.02% EDTA, 0.0 IM sodium phosphate (pH 7.4) solution (STV) 
15 and subcultured at a split ratio of 1 :5 . 

Plasnuds and transfection: The DNA and amino acid sequences of ThR 
are shown in Fig. 1 [1]. ThR in the antisense orientation (Fig. 2), consisting 
of 612 nucleotides (from (-)75 to (+)537 of Fig. 1) was prepared and 
20 inserted into the eukaryotic expression plasmid, pcDNA m (Invitrogene, 
Carlsbad, CA) at the HindlH and EcoRI sites (Fig. 3). Antisense ThR 
cDNA was used for transient transfection experiments. Subconfluent 

(25-40%) MDA-43b b reast cancer ceus were grown m 60 mm culture 

dishes and a total of 5-20 jxg of DNA and DOTAP - transfection reagent (10 
25 DOTAP/ng DNA; 4.5 h incubation, Boehiinger Mannheim, Mannheim, 
Germany) were used for transfection. Cells were assayed 48-72 h following 
. transfection. ■ ■ - - 'ih 
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RNA Isolation and Northern blot analysis: RNA was prepared using 
TRI-Reagent (Molecular Research Center, Inc. Cincinnati) according to 
manufacturer's instructions. The RNA (20 ^ig of total RNA) was separated 
by electrophoresis through a 1.1% agarose gel containing 2 M 
5 formaldehyde, transferred to a nylon membrane (Hybond hT; Amersham) 
and hybridized either to cDNA probes or PGR product radiolabeled by 
random primer extension with [a-32p]Dct [6] for 24 h at 420C. The 
membrane was washed twice for 30 min at room temperature with 2x SSC 
containing 2% SDS and 15 min at 50OC with O.lx SSC, containing 0.1% 
10 SDS. The blots were exposed for 2-4 d at -70OC and the relative amounts of 
mRNA transcripts were analyzed by laser densitometry using an Ultroscan 
XL Enhanced Laser Densitometer and normalized relative to internal 
P-actin controls. 

15 In situ hybridization of human tumor and placenta biopsy specimens. 
RNA probes were transcribed and labeled by T7 RNA polymerase (for 
antisense orientation) or T3 RNA polymerase (for sense control orientation) 
using DIG-UTP labeling mix (Boehringer Mannheim, Mannheim, 
Germany). Probes were labeled from plasmid containing 462 base pair 
20 fragments of the human ThR (pBhThR-462S) inserted into the 
EcoRI-Hindm site. Final concentration for hybridization was 1 ^ig/ml, 
according to the manufactm-er's instructions for non radioactive in situ 
hybridization appUcation. Hybridization was carried out (overnight, 45 C) 
on paraffin embedded breast tissue sections (Department of Pathology, 
25 Hadassah University Hospital, Jerusalem) or placenta sequential sections. 
SUdes were washed in 0.2xSSPE (3x 1 h) at 50°C and blocked by blocking 
reagent (Boehringer Mannheim, Mannheim, Germany). Detection was 
performed using AP-conjugated, anti-DIG antibodies (Fab-fragment, 
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diluted 1:300; Boehringer Marmheim, Mannheim, Germany), overnight at 
room temperature. AP reaction was detected by NBT/BCIP reagents 
according to the manufacturer's instructions. 

5 Jmmunohistochemistry: Tumor ceUs were cultured overnight at 370C on 
eieht chamber sUdes. The ceUs were fixed with 2% formaldehyde and 2% 
sucrose/PBS at room temperature for 30 min and permeabiHzed with 20 
mM Hepes, pH 7.4, 300 mM sucrose, 50 mM NaCl, 3 mM MgCl2 and 
0.5% Triton X-100, for 4 min at O^C. After rehydration with PBS, the cells 
10 were incubated (10 min, 24°C) with 3% H2O2 in PBS containing 10 mM 
glycine, 10 mg/ml BSA, followed by 30 min blocking with normal goat 
serum in PBS containing 1% BSA. Affinity purified rabbit-anti-human ThR 
antibodies were added (dilution 1:50-1:200) for 4 h at 4°C, followed by 
incubation (1 h, room temperature) with a second antibody goat-anti-rabbit 
15 IgG-Biotin conjugated and 1 h incubation with HRP-ExtraAvidin (1:200) 
(Sigma Immuno Chemicals, St. Louis, MO). 

Antibodies: We have raised anti-ThR antibodies directed toward a 
synthetic peptide (thrombin- receptor activating peptide; TRAP) 
20 corresponding to residues Ser42-Lys51 (i.e. S-F-L-L-R-N-P-N-D-K). KLH 
conjugated peptide was injected to rabbits, and the immune serum was 
^ ff\v^*Y r irifiH ^^TQA ^roo pprformH o n phtes mated wit h the 



TRAP-peptide showing efficient positive identification at 1:25,600 dilution. 
Maximal response was obtained at 1:3,200 dilution. Monoclonal anti TTiR 
25 A!bs (mouse IgGl clone HaR-A) were used for Western blot analysis 
(Biodesign, ME, USA) 
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Western blotting analysis: CeUs were dissolved in lysis buffer containing 
10 mM Tris-HCl, pH 7.4, 150 mM NaCl, 1 mM EDTA, 1% Triton X-100 
and protease inhibitors (5 Kig/ml aprotinin, luM 
phenylmethylsulfonylfluoride and 10 ng/ml leupeptin) for 30 min at 4°C. 
5 After centrifiigation at 10,000 g for 20 min at 4"C, Ihe supematants were 
transfeixed and the protein content was measured. Lysates (50 jxg ) were 
loaded and resolved on 10% SDS-PAGE foUowed by transfer to 
Immobilon-P membrane (MiUipore, MA). Membranes were blocked and 
probed with anti-ThR antibodies (1:4000) in 1% BSA in 10 mM Tris-HCl 
10 (pH 7.5), 100 mM NaCl and 0.05% Tween-20). After washes, blots were 
incubated with the appropriate second antibodies and conjugated to 
horseradish peroxidase. Immunoreactive bands were detected by the 
enhanced chemiluminescence (ECL) reagent using luminol and p-cumaric 
acid (Sigma, St. Louis, Mo). 

15 

Placental tissue sections: Sections of placental tissue, 6-15 weeks of 
gestation, were obtained from elective termination of normal pregnancies 
by dilatation and curettage. 

20 Matrigel invasion assay: Blind weU chemotaxis chambers witii 13 mm 
diameter filters were used for this assay. PolyvinylpyrroHdone-free 
polycarbonate filters, 8 pore size (Costar Scientific Co., Cambridge, 



MA), were coated witii basement membrane Matiigel (25 ng/filter) as 
previously described [7]. Briefly, the Matrigel was diluted to tiie desired 
25 &ial concentration with cold, distilled water, appUed to the filters, dried 
under a hood, and reconstitoited with serum-free medium. CeUs (2-3x10 ), 
suspend in DMEM containing 0.1% bovine serum albumin ware added to 
the upper chamber/Conditioned medium of 3T3 fibroblasts was appUed as 
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a chemoattractant and placed in the lower compartment of the Boyden 
chamber. Assays were earned out at 37°C in 5% CO2. Over 90% of the 
cells attached to the filter after a 2h incubation. At the end of the 
incubation, the ceUs on the upper surface of the filter were removed by 
5 wiping with a cotton swab. The filters were fixed in methanol and stained 
with hematoxylin and eosin. Cells in various areas of the lower surface 
were counted and each assay was performed in triplicate. For chemotaxis 
studies, filters were coated with coUagen type IV alone (5ng/filter) to 
promote cell adhesion. Cells were added to the upper chamber and 
10 conditioned medium was appUed to the lower compartment. 

Examples 

Example I: ThR expression in breast carcinoma ceU Unes. 

In a prehminaiy experiment, a panel of mammary carcinoma cells 
15 was surveyed for a possible correlation between the level of ThR expression 
and estabUshed degrees of metastasis (Fig. 4). The cell lines used included 
one near-normal diploid immortalized breast epitheUal cell line (MCFIOA) 
originating from fibrocystic disease, and 6 tumor cell lines exhibiting 
different doubling times, tumorigenicity and metastases in nude mice. Of 
20 these cell lines, MDA-435 (a highly metastatic cell line), and MCF10AT3B 
(ras transfected fibrocystic epithelium re-estabUshed several times from 
lesions formed in nude mice), were compared to medium metastatic 
^V l DA-231 and MCFIOAT, las Uaiisfecled fibiucysUc cells), ui caicmuma 



cells exhibiting no metastatic potential (ZR-75 and MCF-7 cells). As shown 
25 in Fig. 4, high levels of ThR mRNA were found in the highly aggressive 
cells Ganes A, D) as compared to moderate levels in MDA-231 and ras 
; .transfected fibrocystic cells Canes B& E, respectively), and no e3q)ression 
in the non-metastatic MCF-7 and MCFIOAT cells (im^s C&F, 
respectively). The mRNA levels were quantified by densitometric analysis 
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and the ratio of ThR/p-actin in each lane was calculated. The ThR mRNA 
level in MDA-435 was 6 fold higher than in MDA-231 cells (Fig. 4, lanes 
A vs B) and, as mentioned above, no detectable ThR was observed in 
MCF-7 cells (Fig. 4, lane C). A similar correlation between ThR level of 
5 expression and metastasis was obtained in Ha-ras transfected cells showing 
a 4 fold higher level in MCF10AT3B (obtained following ras-tiransfection 
and xenografting 3 times in mice) than in MCFlOAT-ras transfected cells ( 
Fig. 4, lanes D vs B). No detectable level of expression was observed in the 
fibrocystic, non-maligaaat, epitheUal cells, MCFIOA epithelial cells (Fig. 4, 
10 laneF). 

Affinity purified rabbit-anti-human ThR antibodies were appHed to 
detect the expression and localization of the receptor protein. Massive 
staining of MDA-231 and MDA-435 cells was observed (Fig. 5B&C, 
respectively), as opposed to Httie or no staining of MCF-7 cells (Fig. 5A). 

15 hi parallel. Western blot analysis showed a distinct protein band of ThR in 
MDA-435 cells (Fig. 5, lower panel; lane C), somewhat reduced ThR level 
in MDA-23 1 Cower panel; lane B) and Uttie or no protein in MCF-7 breast 
carcinoma cells (lower panel; lane A). 

Collectively, these data demonstrate the preferential expression of 

20 ThR in metastatic breast carcinoma cell lines, but not in non-metastatic 
MCF-7 or MCFIOA breast carcinoma cells, regardless of whether the 
mRNA or protein levels were evaluated. 

Example 2: ThR expression in human breast tissue specimens. 

25 ThR gene expression and localization in vivo was studied in formalin 

fixed paraffin embedded human breast carcinoma specimens as compared 
to nonnal mammary sections obtained fi-om reduction mammoplasty. ThR 
expression was examined in primary breast tumors representing poor to 
benigD prognosis. In situ hybridization analysis using a ThR RNA probe 
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(corresponding to nucleotide nos. 320-570 of the sequence of Fig. 1) was 
performed with an archival set of paraffin embedded biopsy specimens. A 
total of 10 normal breast tissue specimens, and 8 specimens of infiltrating 
ductal carcinoma were analyzed. The invasive carcinoma specimens were 
5 selected from typical infiltrating duct carcinoma of high nuclear grade with 
numerous atypical mitotic figures and with evidence of vascular invasion 
and lymph node metastases. 

As demonstrated in Fig. 6, hybridization of a ThR antisense RNA 
probe to invasive duct carcinoma specimens resulted in strong positive 
10 staining localized specifically to the carcinoma cells (Fig. 6C). Weaker 
positive staining was noted in high-grade ductal carcinoma in situ (DCIS) 
of comedo-type (Fig. 6 E&F). In contrast, very little or no staining was 
observed in low-grade, solid type DCIS (Fig. 6G), and no staining was 
observed in premalignant atypical intraductal hyperplasia (AIDH) (Fig. 6 
15 Hc^) and in normal breast duct lobular units (Fig- 6 A&D; note that the 
high staining seen in the background is limited to the fibers, and is not 
seen in the epithelial cells). AIDH was distmguished from low grade DCIS, 
non-comedo type according to the diagnostic criteria of Dupont, Page and 
Rogers [8]. Expression was also noted in some cases of DCIS, in particular, 
20 high grade, comedo-type lesions. The low grade DCIS of solid type 
showed weak to no expression of ThR, while cases of AIDH, as well as 
normal breast tissue from reduction mammoplasty specimens did not show 
any expre s sion of ThR ^ ^ ' 

25 Example 3: Antisense ThR inhibits metastatic breast carcinoma cell 
invasion. 

To assess the invasion properties of aggressively metastatic breast 
carcinoma cells, the Matrigel in vitro invasion assay was applied. For tiiis 
purpose, a reconstituted matrix of basement membrane was utilized to coat 
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porous filters, in order to closely ramiic natural barriers in a Boyden 
chamber. As a chemoattractant source, fibroblast conditioned medium was 
placed in the lower compartment [7]. The Matrigel invasion assay 
confirmed the expected differential metastatic properties of the carcinoma 
5 cell lines. High levels of invasion through Matrigel were obtained with 
MDA-435 and MDA-231 cells (Fig. 7, D&C). MCF10AT3B-ras 
transfected fibrocystic ceUs invaded the Matrigel to a lower extent (Fig. 7, 
E), while no movement was detected with the MCFIOAT, MCF-7, or 
ZR-75 non-metastatic ceU lines (Fig. 7, F & A ,B, respectively). 
10 To analyze the impact of reduced ThR expression in the highly 

metastatic cells, MDA-435 breast carcinoma cells were transfected with an 
antisense ThR cDNA. mammalian expression vector containing ThR 
cDNA in an antisense orientation under the control of the Cytomegalovirus 
(CMV) promoter (see Figs. 2 aud 3). The vector alone was used as a 
15 control. Western blot analysis of ThR protein levels showed a marked 
reduction in the antisense transfected cells (Fig. 8, lane A) as compared to 
vector alone (}me B) or untreated MDA-435 ' ceUs (lane C). When the 
aatisense transfected ceUs were tested in the Matrigel invasion assay, the 
otherwise aggressively invading ceUs showed a markedly reduced level of 
20 invasion, similar to that of the non-metastatic breast carcinoma cell line 
MCF-7 (Fig. 8, E&F). Transfection with the vector alone had no effect on 
the invasion properties and the tiansfected cells migrated effectively 
through the Matrigel la yer m\ s imilar t o t he metastatic MDA-435 cells 



(A). 

25 Similar antisense molecules may be prepared firom other members of 

tJie PAR family, such as PAR-2 (Fig. 9), PAR-3 (Fig. 10) and PAR-4 (Fig. 
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Example 4: ThR expression during placenta development. 

Human embryo development depends on proper placentation and 
successful implantation. Trophoblast invasion through the uterine 
epitheUum arid deep into the stroma enables the establishment of the proper 

5 fetal-maternal interactions. Histological examination of placental biopsies 
during the first trimester (6-15 weeks), obtained firom elective termination 
of pregnancies, showed a striking pattern of ThR temporal regulation. ThR 
mRNA levels were not detected up to 6 weeks of gestation (Fig. 12,A), 
increased markedly between 7-10 weeks (B-E), then fell precipitously at 

10 11 weeks and thereafter (F&G). The staining was specific to ThR, since 
hybridization with ThR sense orientation on placental biopsies taken on 
weeks 7 and 8, showed no staining (H&I, respectively). The receptor 
appeared localized to the cytotrophoblasts within the villi, and also, to some 
extent, in the syncytiotrophoblasts of the invading column. 
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CLAIMS: 

1. A method for treating metastatic tumor ceUs of a subject 
comprising administrating to said subject an antisense molecule, said 
antisense molecule comprising a nucleotide sequence which is 

5 complementary to an RNA sequence of a protease activated receptor (PAR) 
proteirL 

2. A method according to claim 1 wherein said PAR protein is a 

Ihrombin receptor. 

3. A method according to claim 1 wherein said PAR protein is 

10 selected from the group consisting of PAR-2, PAR-3 and PAR-4. 

4. A method according to any of claims 1-3 \^erein said tumor 

cell is of epithelial tissue origin. 

5. A method according to claim 4 wherein said epithehal tissue is 
selected from the group consisting of breast, esophagus, kidney, prostate, 

15 ovary, melanoma and bladder. 

6. A method according to any of claims 1-5 wherein said antisense 

molecule has tiie sequence ^peaiing in Fig. 2. 

7. A method for treating metastatic timior cells of a subject 
comprising administrating to said subject an antibody molecule, said antibody 

20 molecule being capable of bindiug to a protease activated receptor (PAR) 
protein. 

A m cl hod acc edi ng to claim 9 whe r ein said a n tibody binds an 



extracellular epitope of said PAR proteiiL 

9. An antisense molecule comprising a nucleotide sequence which 
25 ii complementary to an RNA sequence of a protease activated receptor (PAR) 

proteiiL ■;, 

10. A phaimaceutical composition comprising an active factor and 

a phaimaceutically acceptable carrier, said active factor being an antisense 
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molecule comprising a nucleotide sequence which is complementaiy to an 
RNA sequence of a protease activated receptor (PAR) protein. 

11. A pharmaceutical composition according to claim 10 for the 
treatment of metastatic tumor cells. 
5 12. A pharmaceutical composition accordiag to claim 11 wherein 

said PAR protein is a thrombin receptor. 

13. A pharmaceutical composition according to claim 11 wherein 
said PAR protein is selected from the group consisting of PAR-2, PAR-3 and 
PAR-4. 

10 14. A pharmaceutical composition according to any of claims 11-13 

wherein said tumor cell is of epithelial tissue origm. 

15. A pharmaceutical composition according to claim 14 wherein 

said epitheUal tissue is selected from tiie group consisting of breast, 

esophagus, kidney, prostate, ovary, melanoma and bladder. 
15 16. A pharmaceutical composition according to any of claims 11-15 

whereiu said antisense molecxile has tiie sequence appearing in Fig. 2. 

17. A method for the treatment of disorders involving the 
implantation of a placenta in a female subject comprising administrating to 
said subject an antisense molecule, said antisense molecule comprising a 

20 nucleotide sequence which is complementary to an RNA sequence of a 
protease activated receptor (PAR) proteiiL 

18. A metiiod according to claim 13 wherein said antisense 
molecule is admioistered to a trophoblast cell. \ 

19. A pharmaceutical composition according to claim 10 for the 
25 treatment of disorders involving the implantation of a placenta in a female 

subject 

For the Applicants, 

REINHOLD COHN AND PARTNERS 

By: A , , 
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1933 AGmAGCCCTGAACAmCATGGTGTrrCATCAACA&TGAGAGACTCCATAgmGGSOTGTACC^ . 2016 

2017 ATTTrGAAATTGrrrrCACGGCAAGGTTTAAGnATTAAGAGJnAAGACnASm 2100 

. 2101 AATrrtAAACATATCCAAGTnGAATTCCTAAAATTATGGAAACAGATG^ 2184 

218S CATTTT7U:ACACT6TACACATAAGCCAAAACTGASCATAASTCCT 22S3 

2253 GAGAGCIGCATSTGTCCaCCCCCSATGGAGGACTCCAGGCAGCAGACACATGCCAGGGCCATGTCAGAW 2332 

2351 ACCTrCCTGCTGAGCCTCACAGCASTGAGACTGGGGCCACTACATTTGCTCCATCacaGGGATTGGCTG 2435- 

2437 mATGAGAAACTGGCAAA6CA6AATirr(^TATCCTAGGAGGTAATGACCATGAAA6ACnCTC^^ 2520 

2521 AAAGAAGGCATGGACTTCTGGATGCCCATCCACTGGGTGTAAACACATaAGTAGTTGTTCTGAAATGTCAGTTC^ 2SQ4. 

2505 AGCACCCATTATGCGCTSTGGCCAacCAATAf^TcnrRACTfrrArjifiA i^ 7 n ag 

2SS9 GTAGATCATGCATAGAGTGTGATGTATGTGTAATAAATATGmCACACAMCAAGGCCTGTCAG 2772 

2773. TGGiTTTACTAi i iCl i GTGGTTATAACTTAATGAAAACAATGCAGTACAGGACATATA [ 1 1 i t lAAAATAAGTCTGATTTAATT 2355 

2357 GGGCAaATTrATTTACAAATGTTTTGCTCAATAGATTGCTCAAATCAGSi i i ICM 1 lAAGAATCAATCATGTCAGTCTGCTT 2940 

2941 AGAAATAACAGAAGAAAATAGAAnGACAnGAAATCTAGGAAAAmUCTATAATn 3024 

3025 TTTAAAAGCATrrmAACCTCaAAGTATCAA^ATAGAAAATC^ 3103 

3109 ACATATCTCTTATCTTACGAAAAAATGGrrAGCATmAAACAAAATAGAAAGTTGC^ 3192 

3193 CCAGGOlCGGTGGCTCACGCaGTAATCCCASCACrrrGGGAGGCTGASSCGGGTGGATCACGAGGTa^ 3275 

1277 CCTGGCTAACACGGTGAAACCCGTCTaACTAAAAATGCAAAAAAAAmGCCGGGCGTGGrTGGCAGGCA^^^ 3360 

3351 TACTCGGGAGSCTGAGGCAGGAGACTGGCSTGAACCCAGGAGGCGGACCTTGTAGTGAGCCGAGATCGCGCCACTGT^ 3444. 
3445 CCT6GGCAACA6AGCAA6ACTCCATCTCAAAAAAAA 348a 
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1 aaaatgaata aatgaatgta ctttcatttg aacaaaccag tgttactgct gaaacattta 
61 tttctgtaat gacccttgtc ttcctttctt gtacaggaac caatagatcc tctaaaggaa 
121 gaagccttat tggtaaggtt gatggcacat cccacgtcac tggaaaagga gttacagttg 
181 aaacagtctt ttctgtggat gagttttctg catctgtcct cactggaaaa ctgaccactg 
241 tcttccttcc aattgtctac acaattgtgt ttgtggtggg tttgccaagt aacggcatgg 
301 ccctgtgggt ctttcttttc cgaactaaga agaagcaccc tgctgtgatt tacatggcca 
361 atctggcctt ggctgacctc ctctctgtca tctggttccc cttgaagatt gcctatcaca 
421 tacatggcaa caactggatt tatggggaag ctctttgtaa tgtgcttatt ggctttttct 
481 atggcaacat gtactgttcc attctcttca tgacctgcct cagtgtgcag aggtattggg 
541 tcatcgtgaa' ccccatgggg cactccagga agaaggcaaa cattgccatt ggcatctccc 
601 tggcaatatg gctgctgatt ctgctggtca ccatcccttt gtatgtcgtg aagcagacca 
661 tcttcattcc tgccctgaac atcacgacct gtcatgatgt tttgcctgag cagctcttgg 
721 tgggagacat gttcaattac ttcctctctc tggccattgg ggtctttctg ttcccagcct 
781 tcctcacagc ctctgcctat gtgctgatga tcagaatgct gcgatcttct gccatggatg 
8 4ri-aaaactcaga gaagaaaagg aagagggcca tcaaactcat tgtcactgtc ctggccatgt 
901 acctgatctg cttcactcct agtaaccttc tgcttgtggt gcattatttt ctgattaaga 
961 gccagggcca gagccatgtc tatgccctgt acattgtagc cctctgcctc tctaccctta 
1021 acagctgcat -cgaccccttt gtctattact ttgtttcaca tgatttcagg gatcatgcaa 
1081 agaacgctct cctttgccga agtgtccgca ctgtaaagca gatgcaagta tccctcacct 
1141 caaagaaaca ctccaggaaa tccagctctt actcttcaag ttcaaccact gttaagacct 
1201 cctattgagt tttccaggtc ctcagatggg aattgcacag taggatgtgg aacctgttta 
1261 atgttatgag^'gacgtgtctg ttatttcct 





1 cggcacgagc 

61 ccacttgctg 

121 aacatcctgt 

181 ggctgctgtt 

241 caaagccaac 

301 tcccactttc 

361 ccgaggacag 

421 ccttaagtac 

481 ccaacatcgt 

541 ttcacaccaa 

601 cctaccatct 

661 tcgttttcta 

721 gctacctggc 

781 tgctcatgtg 

841 tgaagcagga 

901 cgtgcgagtc 



aaggacgagt 
ctcatacatg 
agccgggtct 
tctgccagtc 
cttaactatt 
tgacatagag 
tatttcaact 
ccaagtgata 
gaccctgtgg 
cctggccatc 
caatggcaac 
cggcaacatg 
cacggctcac 
tggcatagtg 
gtaccacctc 
cccatcatcc 



ccctgcccac 
gagctgaggg 
caggacatca 
actgtttgcc 
aagagtttta 
ggctggacag 
ctccacgtga 
cctgccatct 
aaactctcct 
gcagatctcc 
aactgggtat 
tactgcgcta 
cctttcacat. 
tgggtcatgg 
gtccactcag 
ttccgattct 



acagtccagg 
gaatctaccc 
agatgaaaat 
aaagtggcat 
atgggggtcc 
gagccaccac 
ataatgctac 
atatcctgct 
taaggaccaa 
ttttctgtgt 
ttggcgaggt 
tcctgatcct 
accagaagct 
ttttcttata 
agatcaccac 
actacttcgt 



ctggcagagt 
tgtgactttg 
ccttatcttg 
aaatgtttca 
ccaaaatacc 
aactataaaa 
cataggatac 
gtttgtggtt 
atccatcagt 
cacactgcca 
catgtgccgg 
cacttgcatg 
gcccaaacgc 
catgctgccc 
ctgccacgat 
ctccttagca 



tctcagcttt 
tatacttaac 
gttgcagctg 
gacaactcag 
tttgaagaat 
gcggagtgtc 
ctgagaagtt 
ggtgtaccat 
ctggtcatct 
tttaagatcg 
atcaccacgg 
ggcatcaacc 
agcttctcct 
tttgtcatcc 
gtpgtcgacg 
ttctttgggt 



961* 
..10211 
i081 

:ii4i- 

1201 
1261 
1321 
1381 
1441 
1501 
15 61 
1621 
1681 

.1741 
1801 

. 1861 
1921 
1981 
2041 
2101 
2161 
2221 
2281 

. 2341 
2401 



tcctcatccc 

caaaggatcg 

caatttgctt 

acaataccga 

gctgcctaga 

agtcggcaat 

cttggctgac- 

ttttgagaca 

aggttagcct 

caggtctggc 

tgaagtcatg 

attagcagta 

atacatgtcc 

tggttctccc 

gtgttcatgc 

cagattgggt 

cctgcagtgc 

gattccacac 

ccttctagca 

ccttattctc 

ctttaaggca 

cataaggaat 

gattcaacca 

gttctatttt 

aaaaaaaaa 



gtttgtgatc 
gatatggctg 
tgcccccacc 
cagcttgtac 
tccattcctt 
ggcaagacca 
..ttatgcatgg 
gaacctcact 
tgaactcaca 
aagcgctcca 
aggattaaaa 
ttccgatggc 
ccttccctcc 
tcctcctcaa 
cacctctgtc 
taaccttccc 
tcctgaaatg 
accttcacac 
tctttgcttt 
aaactaaaaa 
cttctagaca 
taagttctct 
accacagacc 
tcattactcc 



atcatcttct 

ggctacatca 

aacatcatac 

-tttatgtatc 

tactttgtca 

ctttagagac 

caccaacagc 

gtgtagtcct 

gagatctgcc 

tttgtcagct 

gaatactttg 

aatggacgca 

tgtgagcggt 

gcaggtatcc 

caaagatggc 

tgaacagttt 

acaagccctt 

cgactgtctt 

agcctgtcca 

catcattttc 

aacaagcctg 

gtgtggtcag 

caaaacactt 

ntaaataata 



g.ttacacgac 

aggccgtcct 

tcgtaatcca 

ttattgctct 

tgtcgaaagt 

caaggagaga 

tcaattttta 

ggctggcctg 

tgcttctgcc 

cctctgcaac 

tatttagaga 

tttctatttg 

gtcggcagac 

tgtctttgtt 

agcctcactg 

ctgaatacat 

gcatggcttt 

ccctcccatc 

gcttttcaag 

tttatctgga 

ctaagctcat 

ctctgtatcc 

gaaaaacctt 

ntgataataa 



tctcatccac 

cctcatcctt 

ccatgccaac 

gtgcctgggg 

tgtagatcag. 

tatctgggaa 

attttaattt 

gctgattctc 

tcccaagtgc 

agtgctttat 

gtgtcttaat 

ccttcctgat 

tgggaggttg 

gtgtctctca 

ccagccgagc 

catgcaatac 

cctggtggag 

cctgtcgctc 

tcgttaaagg 

tttgtaaagc 

ttgcatatag 

ctgcaagttt 

gtatgagctg 

ataataataa 



aaacttaaat 

gtga'ttttca 

tactactacc 

agcctgaata 

cttaatcctt 

gacatacatg 

aattttatct 

tatttagacc 

tgggttcaac 

acttccaatg 

tgtaagcaac 

tctccaagct 

tcactacccg 

ctggggtccc 

ctcatttcca 

ttcacttgac 

ctgtgcctgc 

cactgaaacc 

cccattcttc 

actttcttat 

atattacttc 

catacctgta 

aaaacgaaga 

ataaaaaaaa 
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